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(54) [KM©**] ««^««#*«fcr«-n&fflUfc^JR->'jy-M»R03!l^4 



(57) GR»] 

DUO =Wte««f***ff*tt%H^fcaJB5/y'!r 

osa^ai Ties ( i ) ©w$&igi8tt©^£» 

(X) a-b — M— (Y- (S i (R) 3) .) b 
(1) 

(5£#, Mtt, 3*£fctt4ffi&ltt?fc!) : R(i, C 
1.4 7;MM/"?;fc») ; X«, /\ny>Sfc(i7;b*;i/T' 

ati3T-&?K b« 1 ~3©8&t?&!K M&4ffi&M 
<Om&. a{±47?*0. bli 1~4 Y# 
0©|^ raiilT'S^ Y#N©Jf£\ mtt2T* 



(51)Int.Cl.' B^IB^ F I 

C 0 7 F 19/00 C 0 7 F 

C 2 3 C 16/18 C 2 3 C 

H 0 1 L 21/316 H 0 1 L 

// C 0 7 F 7/00 C 0 7 F 
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[#fr«#©$SB] 

im^m 1 1 Tte^ ( i ) nw&k*mt%m®&mm 

(X) a-b — M— (Y- (S 
(iW. Mtt, 3tf$fc«4fffi#ST'$.l? ; R«, C 

fet> ; Y«, 0 1: fete NT-& 1 ? ; M^3ffi^S©if-a-, 
a(±3T$l bf± l~3<DHIgn?&tK M#4{ffi£Jg 
a(i4fJB!), bte 1 ~4©g$rC'&y ; Ytf 

S) <. 

[f»#il 2 ] s£ ( 1 ) tO^«l^«^*^ Z r - (0 S 

i (CHs) 3) 4, Z r- (N (Si (C 

Hs) 3) 2) 4, Z r C 1 2 (0 S i (CH3) 3) 2&J;tf 

Z r C I2 (N (S i (CH3) 3) 2) 2, H f - (OS 

i (CHs) 3) is H f- (N (S i (C 

H3) 3) 2) 4, H f C 1 2 (0 S i (CH3) 3) 2, 

XfH f C 1 2 (N (Si (CHs) 3) 2) 2frSaS$fr 

a intense t*®mt?z>mim 1 mmn^m. 

[IH3&13] »«tf2 0 0~7 0 0rtcM&£nSC 

(X) a-b — M— (N (S i 
(i£*, M, R, X, afcitfb^W^l-e^ttU^ 

CW*^8] Z r- (N (S i (CH3) 3) 2) 4, Z 
r C I2 (N (Si (CHs) 3) 2) 2, H f - (N (S 
i (CHs) 3) 2) 4, $fc&H f C 1 2- (N (S i 

(chs) s) 2) 2x*&z><it*¥fmt?5,M&m7mm 

[W#S9] *il!g«*T-TfB^ (3) fcitf (4) 

Z (N (S i (R) s) 2) - (3) 
MXc - (4) 
(5$*, R, Mte<ktfX{ifi^lT^«bfcjii3T*fe 
<3 ; Ztt l«iiT'«5 ; Mtf 3fffi#H©#&, c«3 
T'ifctK MAMtf^jl©^ cii4T*W) „ 

im&m 1 0] 1 ©#&fcf£oT83g£nfc& 

[Bsjam 1] w^Ji70^s^u^-hif^y- 
h»i®lt LT#&¥SPf*ig3% 
[fgfE<£>B$Sffl&lSiiffl 

[000 1] 

im<Dm?-%mftm *%wi±s t«« *s 

^■WM (chemical vapor deposition, CVD) HKffl 
[0 0 0 2] 

a<a<3, *?tLTOKWtS5<k^{C*-pfc:o 



i (R) s) ») b ••• (1) 

MMhHt^MM (chemical vapor depos 
ition, CVD) SfclZM^MM^ (atomic layer depo 
sition, ALD) iC&^TfifrtlZCtttmmt-tZm 

1 mmvumo 

[WjJ^6] mW\t>\ TE3 (5) ©^17^3+ 
-> FfMR?&S C t*&W. t?%n#m5 IB«©73 

M (OR) d - (5) 

(x£cr\ M«3ll£fc«4«£K^yT*&y ; R«C 
1-4 7;1/*;1/T*fe t) ; M&3ffi&m'(*y<oi§&. dli 
3T"&<?, M^4ffi^/S-f*>©^ d&4T*& 
5) o 

[i»*^7] TtE^ (2) (omm*m?%m®&m® 

(R) 3) 2) b - (2) 

7 (hot carrier) $jH©if;!ju, HHIEifcBJilDSttSit 

[0003] co±5ftiwaKjai'r*fc»ic, mn%. 
so auwwtwBosf^SRKfftjnrv^. wc^y* 

T\ iSSTllMLTfc SI*. Xl'RW 

sntvs,, 

[0004] ens-p, S?»fc*tM»i£ (A L C V 

d) *fflv^-cfflB'>y-5r-hy-ne«a8«a«iufc« 

*^<0*^fie$nTV^5 C£lK [M. Ritala, K. Kukl 
i, A.Antii, P. Raisanen, M. Leskela, T. Sajavaara, 
and J. Keinonen, Science, 288, 319(2000)] HSHU 
40 [Roy G. Gordon, Jill Becker, Dennis Hausmann, andS 
eigh Suh, Chem. Mater., 13, 2463(2001)] #!$) „ £ 
n S©7s ffi(±s ^JS*9l8**3«fc tf ~> 'J n >MiEft© <fc 3 

a 2 octuiK^^ffiffl LTfe d , ^sHtttA^sfla-r *w 

[0 0 0 5] Z£T\ *%B^#S{±, tuKBaH^SPftf 

50 %tz&iicmm i mmteiti&&s *4*t$mn&fcn 
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1f M 2 0 0 3 - 3 3 5 7 9 1 



[0006] 

[fSW^LJcSfc-fSSJi] l/fctf-aT, #5|B£© 

(X) a-b — M— (Y — (S i ( 
(S*> M«, A 1, La, B i *if©3tf^SS/-c{i 
Zr, H f &£©4<I£MT*;!St) ; R«, C.-4 7;P* 10 

IVX'&K) ; x«, /Nay>$fett7^;i/T?*»? ; y 

tt, 0 gfc« N T*& 9 ; Mtf 3 i^iOi^, a li 3 X 
&t>, btil~3©&&T;&?/, M*M«&S©if&, 
alZ4X&Zl, bfi l~4©SSn?<&t) I YtfO©l 
£\ m&lT'&tK YtfN©J§£\ mtt2 7$5) 0 
[0 0 0 9] THfiiK (2) ©«&£ 

[0 0 10] 

(X) a-b -M- (N (S i (R) 3) 2) b - (2) 

(S&fc M, R, X, aiBitfbtttWB-esebfeiiO 20 
T*&5) . 
[00 1 1] 

[0 0 12] MSKfttLTffl^snSiS (1) ©WS& 
/SlgftEfc^T, M«3«*fefi4ffi^S7$oTs A 

U La, B U Zr fc^tfH f fr6&58M>>e>il{£ 
n; RiiCi-4 #£L<«;>t*-;i/TNfct> ; x 3 o 

lt/\a^y^fdA7^^X\ ffitR/^vWlZF , C 

1 , B rfc<fcl>* I fr6&5$fr6»£n : YttOSfeti 
NT-^5o afcitf bffi&M©fflgtc«k^T, m 

fiiaYOfflffitcioTa^So Mtf 3fil5&JS©«a\ a 
&3T"StK b« l~3©SIST-&!3, M*Mffi&f|© 
#g\ afcUT&O, bttl~4©18Src?S*/, YtfO 
©#&, raiilT-feD, Yil'Nfflia, m« 2 T*2&S 0 
(1) ©#l»&«i§ttf±, «nfc$£tt 

LTB> Z r - (0 S i (CHs) 3) ^ Z r - (N 
(Si (CHj) j) 2) 4, Z r C h (OSi (CHs) 

3) 2, ZrC I2 (N (S i (CH 3 ) 3) 2) 2, Hf- 
(O S i (CHs) 3) 4, H f- (N (S i (C 

H 3 ) 3) 2) 4, H f C 1 2 (OSi (CHj) 3) 2. *5<fc 

t>*Hf C I2 (N (Si (CHj) 3) 2) i*W5Ci: 

[ooi3]s(o T*mzn2>mM&mffi»<D?%. 

YtfNX&K), mtf 2T-&5J§£©ffc^tl«#TK&&© 
f*oT, HUiBS (2) ©«ig%#-rSo « (2) ©# 50 



[0 0 0 7] 

or. *%wxi^ re* (i) ©«»*#rs^«& 

[0 0 0 8] 

) 3) .) b - (l) 

(3) teitf (4) ©{t^fcjIvl&fFTT-KJSS-es 
cfcfcj: c©^, £ (3) *5<fctf (4) 

©{££%« l : l~l : 4©t;W£T-E£S-£5 0 

[0 0 l 4] Z (N (S i (R) 3) 2) - (3) 
MXc - (4) 

R, M*«ttfXfitWB3t*bftjit)-v?*») ; Z 
tt lfi^S-f^T*^ ; M^3lM^S-T^->0^ 

[0015] mw&mvcmmm (mocvd) „ mst 

MW&A (direct liquid injection) Sfctt/^U > 
mm (bubbling delivery) tC ± S{fc^^»}£, JS? 
»{t^««S (A L C VD) ft^SffMllCftSftll*' 

ALCVDtt, «?JllilffiT»fWiO»«*SHIJ-i?*, M 

[0 0 1 6] #&$©#£ LV>-fflfcLT, ALCVD 
fcfTdS^fctt, SCO ©tulK#:©*fX agStfX) 
£2 0 0~7 0 0°C, »SL<ii2 5 0~4 5 0rtCiD 
*iUfe3Sfilc8ttS*Tfe<kv\, 0. 01-10 

t o r r ©SSSffifcTT?, MSAMifi-f 3S{S§§{cg 

if 2 )]/MK>0. l~2 0#f^aAf5o *© 

ft, ssst© <k ^ ftgjstfxfciM >/?}/m*)o. 1 ~ 1 o 

fMUfeVCSS. £©^5, HS*"X©?5S»«SPIi5g§ 
tcj;oTiili5T-t, Mft#*£AftS§i§©*&S£§8fi5 

[0 0 17] #%f!l!©il©£&«, iSBfcp©S"Ja>© 

(5) ©^ST/I/a^iVKft^i^S. 
[00 1 8] M (OR) d - (5) 

m±3m£tci±4m&m'(*yx&>o ; ruc 

1.4 7fr*)VX3b K> ; M^3«^S-l'^-y©»&, dti 
3T-^t), Mtf 4 ffi^K-fsJ- >©*&, d(i4T-fe 
5) o 

[0 0 19] *»H8©*ffifcfflv^6nsiStSi:LTa, 

s^»tcfev>Tii«fflv , '6n«fc©©v-rn*^^fflb 

Tt<fcW><, S^, S i O2, T i NfeAtf^sgftif 
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[0020] co&sic, & (i) 

mxommmwmckt^xmmi.mttmMitx?*, xe 
mstitittm-et, mM&&<o* 

[002 1] 

■WW*, fib. TflS*«S0ija*%^^J^5fc4f)© 
&©T<&<3, #58RIJ©«HtfCft&©«|K:J;^TI^v* 

[0 0 2 2] ^ffitflj 1 : Z r C I2 (N (S i (CHs) 
3) 2) 

Li (N (S i (CHs) 3) 2) 1 4 g^h;l/X>{C)§ 
®Lfd£, 5 0 0ml (Schlenk) 77X3 

EZrC U 11. 6 g^rAn. cnCHulBh;l/X> 
MffiHHQlft. KJ^SftffJSSfcft^fci:*. Sift 

TT-SJS^ 2 lelMiS LTSW^^-U^^fe©^^ 

lea? xmm l x^<d& % mmmmkem*mrc 

OK* 7 5%) „ 

[0 0 2 3] fc&ftlMfcffrtoO'H-NMRfcilljei/r 

0 1 t^-r, m i K^-ngn^e, gwt-rs zrci 

2 (N (S i (CHs) 3) 2) 2 tltzCtffftfr 
[002 4] : Zr- (OS i (CHs) s) 4 

ALCVDSB (iff) »TS iSfckicsWa- 

^AS'U'r— I- (Z r*S i 3-x 0 y , CCX\ ^x<3 
T'&t), 4^y^8T*&3) K*»K8«*#fc. IDiSWX 
tUZr- (OS i (CHj) j) ( (Gelestttfr&flf 
A) £, **V7fiX1s&tyi-S?ftXtLX7>\'Jy 
SJS**Xi:LT7j<Sg*fflv>y-Co &©KJS&#T?A L 
CVD^\ com. MWUmt2 5 0, 3 00, 3 
5 0, 4 0 0, 4 5 0fe<kt/5 OO'Cfc^fc : SJSS 
E7j ; ltorr, *t'J TH^ftim ; 2 0 s c c m, 
/^—isJSXifiiM ; 5 0 0 s c c m, fX-foUXUMM I 2 0 

osccm, ^7*5-SS ; i 2 o°c, ftAWtSS ; 1 

3 0°C, feitfaA^rffl (IRSjffX : i\-*J%X : SS 
#X) ; 10: 2»: 1#. 

[0 0 2 5] ^Bftfc^Hox^Ai/U-T-- HtHlctt 
L-TXPS (X-ray photoelectronspectroscopy) 5Mff 

Jtilrt-SKonT«H«t>O^I/3=.«>Afi«»Jt (Zr/ 



(zr + s i) ) atc^u ataafittJata-rsci:** 
ttfrZo 3oo~4 o ovcommi^^mxim 

[0 0 2 6] gft, #Sn7 v cv ! ;l/3X^Ai>U'7--hSl 
miCttLXM%U&%3 5 OttEKU UttiftS (it 
■Y»;MRfc«kSlWWPO«fK) fcHftSUfc. H4fcjjvr 
ct 5 e, iM * /H&tfiiiinf s c ttconrif^^ji? 

ittKWicig&irrs <: ic«t 5 , JH^JIfbmifl^ 
tt* < t>nfc c t 

10 [0 0 2 7] SteMlj3 : Z r C 1 2 (N (S i (CHs) 
3) 2) 2^ffl^fci/*;l/3X<77 A i/U^r-h»K©^* 
Hffi#J 1 T?^j§^nfcZ r C 1 2 (N (Si (C 
Hs) s) 2) 2£Jg»;tfX£LTffll^Ct£^Tte, 
*«W2f:P?tt**iSfel»ALCVD!feffoft. C©^, 

3&»sjs« 1 5 0 °cfr<z> 350 "cs-eSAfc. 

[0 0 2 8] #enfci>Vl/3X<7A^U^-h»Hti:M 
LTX P S##f£ff3T38»?&K£J;5«§i4'©i' , J 3 
> ©MSffctsJ: tflWfifiKJ; SIM D ©a*9 

jfa^rij^bfco hsoib**^ fm&&t>mua?z> 
MwmmmmmijQirzcttfiftfrz. com. «* 

1 7 5 °CT* 1 . 6AT'^fc„ 
[0 0 2 9] ^6nfcv J ;l/3X>7Ai/'J / r-hif 
Kic»tT^#faa?:2 5 0 o Ct@^U (it 

i»?i. lAtfifcnfco 

so [0 0 3 0] 5 6(c, SStW#tt%!ll>£fSft:ii)lC, » 
H« 2 5 0 °CT- 4 0 0 AOKT*ltLf:f, WIBiffS 
©C (capacitance) -V (voltage) £il5£U ^Oi^ 

a 1 8x&r>tci)\ m$mim^iy)^-^L,mm 

(jmmLZ 0-25) lCtttTfiV\ 

[0031] «RK4>os/U3>ofHi%Jiiins-&«ft» 
tci/U 3>r;l/n*v' FO<k d*ffi©^'J 3>{t^l^ 

[0 0 3 2] 

immommzmwi 

[0 1 ] ^ffl{^J 1 XW&Zntz Z r C 1 2 (N (Si 
(CHs) 3) 2) !<D'H-NMR^77, 

[®2] satM2Tf«a«nfcs'/i/3-9i»s'U^r- 

so [03] *ffl^j2T-S3fi$nfci> , ;V3-'7A^y'7-- 
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0, 

[04] *fiSM2T-fiift$nfcv ! ;l/3^^i,i/U^- 

ess] nmm3T*m&-zntcV)\'='- 



[06] 3«W{f9 3 T 8 3ft S n 5?;l/ 3 - A i/ y -ir - 

0o 

[07 ] HfiSM 3 T?»jfi*nfe SWa-frAS" 'J 
MWtOC-VWtt^-TH. 
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\ 



0.24 



0.20 



0.16 



0.12 



0.08 - 
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[04] 



•Kj 

M 
1 




160 250 250 
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[05] 




tig 

Ofi 



(°c) 




mas (°o 
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WBfl 2 0 0 3 - 3 3 5 7 9 1 



[07] 




(V) 
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^iSa 140-190 y9;i^rW?p(|iJjK 

Jpgf|5]254-40#tfil 
(72) lt7uAt>T 

*«SB, 790-751 MEWJ131?»Sfff*K 
2@r(5|756S±t!i 

-602 



4H049 VN01 VN06 VN07 VP02 VQ02 
VQ12 VQ39 VR23 VR32 VR51 
VU24 

4H050 AA01 AB91 

4K030 AA06 Mil BA01 BA48 JA10 

LA02 LA15 
5F058 BC03 BF02 BF06 BF27 BF29 

BJ04 



